A consecutive series of 14 patients with trigeminal schwannoma managed surgically at the Neurological Institute of New York since 1970 is reported. Nine women and five men (mean age 40 years) were diagnosed following a mean symptom duration of 33 months. Abnormalities of trigeminal nerve function were present in 11 patients on admission examination. Facial pain was a prominent feature in eight patients. Two patients, both with schwannomas arising from the trigeminal root, presented initially with typical trigeminal neuralgia. Additional cranial nerve palsies or cerebellar or pyramidal tract signs were noted in eight patients.
S
CHWANNOMAS arising from the intracranial portion of the trigeminal nerve are rare. They represent between 0.07% and 0.36% of intracranial tumors and 0.8% to 8% of intracranial schwannomas. 1'j7 '36"5~ At the Neurological Institute of New York, trigeminal schwannomas accounted for 0.36% of all intracranial tumors and 5.5% of all intracranial schwannomas operated on since 1970. Schwannomas can arise from the root, ganglion, or intracranial portion of the three peripheral divisions of the trigeminal nerve. Jefferson 32 classified these tumors into three types based on his analysis of 32 trigeminal schwannomas: 1) tumors mainly in the middle fossa; 2) tumors predominantly in the posterior fossa; and 3) tumors with significant components in both middle and posterior fossae.
Early attempts at surgical removal of trigeminal schwannomas were attended by a significant incidence of morbidity and mortality. Schisano and Olivecrona 5~ noted a 1-year mortality rate of 41% in 39 operative cases of trigeminal schwannoma reported in the literature prior to 1956. In their series of 19 cases, however, the operative mortality level was only 5.3%. Arseni, et al., I reported a postoperative mortality figure of 25% in cases published up to 1970. Cushing and Eisenhardt TM were particularly pessimistic about these tumors, especially the dumbbell-shaped tumors with both infra-and supratentorial components which they described as "sit [ting] like a saddle astride the anterior end of the petrous ridge." Operative approaches to these tumors, they believed, were "... [more] likely to hasten the The introduction of the operating microscope and improved anesthetic and microsurgical techniques have significantly reduced the risk of both morbidity and mortality associated with the operative treatment of trigeminal schwannomas. ~7"3s'62 Nevertheless, the strategic location of these tumors and their adherence to vital vascular and neural structures continue to pose a threat of significant operative morbidity and frequently prevent complete extirpation.
Summary of Cases
Fourteen patients with histologically verified schwannomas arising from the intracranial portion of the trigeminal nerve underwent operative treatment at the Neurological Institute of New York between January, 1970, and December, 1986. The patient population consisted of nine women and five men, ranging in age from 20 to 60 years (mean 40 years). None of the patients in this series had a family history or physical stigmata of neurofibromatosis. A summary of the clinical features is shown in Table 1 .
Tumor Characteristics
The origin and location of the tumors are listed in Table 2 . The tumors were thought to originate in the gasserian ganglion in eight patients (Cases 2 to 9) and from the trigeminal root in five (Cases 10 to 14). In one patient (Case 1), the schwannoma arose from the intracranial portion of the maxillary nerve. The gasserian ganglion was compressed medially, and there was erosion of the floor of the middle fossa with a large tumor component extending into the pterygoid fossa (Fig. 1   left) . The tumors ranged from 1.5 to 8 cm in diameter (mean 5 cm). image demonstrating an extra-axial mass (arrow) eroding through the floor of the middle fossa into the pterygoid fossa. The tumor is nonhomogeneous in signal intensity and somewhat hypointense with respect to the surrounding brain. Right: Twweighted axial image demonstrating the relationship of the tumor to the cavernous sinus. Note the integrity of the dura which clearly demarcates the tumor (arrow) from the cavernous sinus.
The gasserian ganglion usually could not be identified in tumors arising in Meckel's cave, although compressed remnants of ganglionic tissue were occasionally identified on the floor of Meckel's cave after tumor removal. The relationship of the trigeminal root and peripheral divisions to the tumor was variable. In some cases trigeminal nerve fibers were identified on the surface of the tumor; in most cases, however, at least portions of the nerve appeared to course through the tumor mass.
Microscopically, the tumors showed the typical schwannoma appearance of bipolar elongated cells with fusiform, darkly staining nuclei arranged in compact interlacing fascicles with a tendency toward palisade formation. A looser arrangement of cells, separated by a collagenous or hyalinized matrix (the Antoni B pattern), was less common. A melanotic schwannoma was identified in one case. Although cellular and nuclear pleomorphism was common, the presence of mitotic figures was extremely rare. Ganglion cells could be identified in the surgical specimens of some patients with tumors arising from the gasserian ganglion.
Surgical Treatment
Twenty operative approaches to the tumor were performed on these 14 patients (Table 3 ). Tumors located entirely or predominantly within the middle fossa (Cases 1 to 7, Table 2 ) were approached through a standard subtemporal intradural route at surgery performed in either the lateral or the supine position. Cerebrospinal fluid (CSF) drainage through a lumbar spinal catheter and administration of mannitol were employed in most cases. A suboccipital approach, with the patient in either the sitting or the prone position, was utilized in patients with tumor located predominantly in the posterior fossa (Cases 10 to 14, Table 2 ). P. C. M c C o r m i c k , J. A. Bello, a n d K . D . P o s t One patient (Case 9) underwent a combined transtentorial approach, and in one patient (Case 8) a staged subtemporal and suboccipital procedure was performed. Both of these patients had dumbbellshaped tumors with significant middle and posterior fossa tumor components.
The initial surgery resulted in gross total removal in six patients and nearly total removal in four. The factor limiting the extent of resection was tumor adherence to the lateral wall of the cavernous sinus or the brain stem. Partial or total removal of portions of the trigeminal nerve complex was required in eight patients because of involvement with tumor. One patient (Case 11) underwent partial rhizotomy of the trigeminal root in addition to tumor removal.
All four patients who had only partial tumor rem ,val (Cases 2, 3, 10, and 14) presented with symptomatic recurrences at 52, 13, 24, and 17 months, respectively (mean 26.5 months). In these patients, a second operation resulted in nearly total removal. Three of these patients are without clinical evidence of recurrence at 12, 28, and 72 months following the second operation. The fourth patient (Case 10) presented with symptomatic recurrence 21 years after the second resection. A third operation resulted in nearly total removal. She is currently without clinical recurrence 7 years after the third operation.
Of the four patients whose initial operation resulted in nearly total removal, two (Cases 4 and 8) are clinically well at 40 and 24 months, respectively. One patient died 3 weeks postoperatively, and permission for autopsy could not be obtained. The fourth patient died from massive tumor recurrence 4 years postoperatively. All six patients whose initial operations were curative are clinically well without computerized tomography (CT) or clinical evidence of tumor recurrence at followup examination, ranging from 4 to 177 months after surgery (mean 51.5 months; median 27.5 months).
Postoperative Course
In the immediate postoperative period, the appearance of additional cranial nerve deficits was common. Abnormalities of trigeminal nerve function, either new or worsening of existing deficits, were seen in nine patients, and tended to be permanent (Table 3) . With the exception of one patient (Case 5) who had a permanent abducens nerve palsy caused by the operation, other postoperative cranial nerve deficits were transient and resolved between 3 weeks and 4 months postoperatively.
Improvement of preoperative deficits was also common. Diplopia, which was present preoperatively in three patients, resolved after surgery in two of them. Hearing returned to a functional level in three of four patients, and facial weakness improved in two of three patients. Cerebellar and pyramidal tract signs resolved in all patients with those deficits. Facial pain, present preoperatively in eight patients, continued to be a problem in only one patient. t Deficit present preoperatively. This patient underwent a staged approach.
Two patients required CSF shunting procedures: one patient (Case 14) for acute hydrocephalus which developed on the 5th postoperative day, and one patient (Case 9) for a persistent CSF leak. There was one episode of meningitis in the postoperative period which was successfully treated with antibiotic therapy.
Long-Term Follow-Up Findings
Aside from one postoperative death and one patient who died from tumor recurrence 4 years after surgery, all patients are clinically well and without evidence of tumor recurrence at follow-up examination ranging from 4 to 177 months (mean 47 months; median 31 months). One patient (Case 14), who was well 6 years after operation, has been lost to follow-up review. Recent CT examination demonstrated no tumor recurrence in seven patients, minimal residual tumor in two patients, and slight tumor progression on serial CT scans in two patients (Cases 2 and 8).
Some degree of trigeminal sensory loss remains in nine patients, and weakness in the muscles of mastication is evident in five. All of these patients had resection of some part of the trigeminal root, ganglion, or pcripheral divisions during surgery. Two patients have required tarsorrhaphy for corneal ulceration secondary to neurotropic keratitis. One patient underwent a lateral rectus recession procedure for a persistent abducens nerve palsy.
Review of the Literature
This section represents a clinical analysis of 120 cases of trigeminal schwannomas which includes the present series of 14 patients. The additional 106 cases have been reported in the English literature since 1935.1258j112 17,20.21.24 26,28,29.32-35,37.38,40,42,45,50,51,53.55.57,61-63 Only those cases providing adequate clinical formation were included in this review.
Clinical Features
The peak incidence of trigeminal schwannomas occurred during the fourth decade of life, and the mean age at the time of diagnosis was 37 years (range 13 to 67 years). The tumors were only slightly more common in women (63 females, 57 males). Three patients had known neurofibromatosis. In three patients the tumors were considered histologically malignant. The duration of symptoms preceding diagnosis ranged from 6 days to 16 years, with a mean of 39 months.
The location of the tumors, confirmed during surgery or at autopsy, was: totally or predominantly in the middle fossa (61 cases); totally or predominantly in the posterior fossa (38 cases); and dumbbell-shaped tumors with significant middle and posterior fossa components (21 cases). There was no association between age or sex of the patient and tumor location.
The initial symptom was recorded in 114 of the 120 cases. Subjective complaints of trigeminal nerve dysfunction were the initial symptoms in 67 (59%) of these 114 cases, and included numbness (34 cases), pain (26 cases), and paresthesias (seven cases). Frequently, the complaint was initially localized to a portion of the sensory field in the distribution of one trigeminal division. In most cases, however, the entire trigeminal distribution was involved by the time of diagnosis. The initial symptoms are listed in Table 4 .
Eventual involvement of the trigeminal nerve in the clinical course of these patients was the general rule, so that, by the time of diagnosis, 104 (87%) of the 120 patients had either subjective or objective evidence of trigeminal nerve dysfunction. Varying degrees of hypesthesia, hypalgesia, and a diminished or absent corneal reflex were the most common findings. Complete anesthesia was distinctly rare and, although frequently one division of the trigeminal nerve was more severely affected, there was usually diminished sensation in the entire trigeminal nerve distribution. Weakness in the muscles of mastication was recorded in 50 patients (42%). The paresis was generally mild, and atrophy of the masseter and temporalis muscles was noted only occasionally.
Facial pain was a prominent complaint on admission in 45 patients (36%). This was more common with tumors involving the gasserian ganglion (52%) than with tumors arising from the trigeminal root (28%). The quality and intensity of the pain were variable, t Three patients presented with more than one initial complaint; one patient was asymptomatic. P. C. McCormick, J. A. Bello, and K. D. Post ranging from a dull ache to a severe burning pain. In most cases, the pain was constant and usually progressed in severity. Episodes of severe lancinating exacerbations of facial pain, suggestive of trigeminal neuralgia, was noted by one-third of these patients; however, true trigeminal neuralgia (characterized by trigger zones, prolonged pain-free periods, and the absence of objective trigeminal nerve deficits) was an initial symptom in only six patients. Three of these patients had tumors arising from the trigeminal root and three had gasserian ganglion tumors. The subsequent development of facial numbness in two of these patients suggested the correct diagnosis.
Neurological deficits other than trigeminal nerve abnormalities were present in over 75% of patients by the time of diagnosis ( Table 5 ). The majority of these deficits were in the form of cranial nerve palsies and were related to the location of the tumor. The abducens nerve was most commonly affected by ganglion tumors, probably as a result of the proximity of the intracavernous portion of the nerve to the median aspect of the gasserian ganglion. Posterior fossa tumors frequently caused deficits in the seventh and eighth cranial nerves. Large tumors in the posterior fossa were usually also associated with cerebellar and pyramidal tract signs. Occasionally, long-tract signs ipsilateral to the tumor were noted, indicating compression of the contralateral cerebral peduncle against the tentorial notch.
A few patients with tumors located solely within the middle fossa were found to have hearing loss (as in our Case 1) or facial weakness. Although the type of hearing loss was not specified, we suspect it was conductive hearing loss due to compression of the eustachian tube as it passes under the cartilaginous floor of Meckel's cave. Devois j* suggested that the hearing loss may be the result of paralysis of the tensor tympani muscle, which is innervated by the trigeminal nerve. This seems unlikely, since denervation of this muscle would be expected to produce hyperacusis. Jefferson 
Radiology
Plain films of the skull, frequently with thin-section tomography, were obtained in 99 patients. Anteroposterior, basal, and Stenver's views were reported as the most useful projections in defining the bone changes associated with trigeminal schwannomas.
Erosion of the anteromedial portion of the petrous pyramid was the most c o m m o n bone abnormality and was present in 60 cases. The defect was usually described as a sharply delineated amputation of the petrous apex with smooth, rarely sclerotic, margins (Fig.  2) . 23'3j'39"43 This finding was usually seen with Meckel's cave or dumbbell-shaped tumors. Epidermoid tumors, meningiomas, acoustic schwannomas, and primary bone tumors of the skull base, such as chordomas and osteochondromas, have also been reported to produce erosion of the petrous a p e x . 3'17'30'40 '59 In most cases, however, associated bone abnormalities serve to distinguish these tumors from trigeminal schwannomas. Other bone abnormalities generally reflected a slowly expanding mass in the middle fossa. These findings included erosion of the floor of the middle fossa, enlargement of the basal foramina, and occasional erosion of the pterygoid plates. Medial and anterior tumor growth was associated with erosion of the lateral aspect of the sella turcica, dorsum sellae, anterior clinoid process, superior orbital fissure, and inferolateral aspect of the optic canal.
A soft-tissue mass was identified in the pterygoid fossa in four patients, in the maxillary sinus in two patients, and in the sphenoid sinus in two patients. T u m o r calcification was noted in only three patients.
G a~ 23 was impressed with the frequency and extent of bone erosion associated with these slow-growing benign tumors. He suggested that the extradural location of tumors in the middle fossa, growing under pressure exerted by the dura, may be responsible for these bone changes. Several other authors have agreed with this theory. ~ 7,39,41.43 Bone changes were infrequently seen with trigeminal schwannomas in the posterior fossa. Although amputation of the petrous apex was occasionally observed with posterior fossa schwannomas, flattening of the posterior surface of the petrous apex was more common. In some cases this erosion extended laterally to involve the anteromedial lip of the internal auditory meatus. Other bone abnormalities seen with posterior fossa schwannomas included erosion of the lateral aspect of the clivus and diffuse changes produced by increased intracranial pressure.
Cerebral angiography was performed in 49 patients, and the results were reported as normal in seven patients. The remaining 42 patients exhibited abnormalities in the form of blood vessel displacement related to the location of their tumors. Medial displacement of the initial extradural portion of the carotid siphon, the so-called "ganglial or precavernous segment," was the most commonly reported abnormality associated with tumors originating in Meckel's cave (Fig. 3 left) . In most cases, there was associated anterior and inferior displacement of this portion of the siphon; but superior and posterior displacement, indicating tumor growth anterior to the ascending portion of the carotid siphon, was noted in some patients. 1'29'62 In our experience, however, anterior displacement of the precavernous portion of the carotid siphon, with or without medial or inferior shift, was the most commonly identified vessel dislocation, and was present in six of eight patients with Meckel's cave schwannomas (Fig. 3 center) .
Although displacement of the precavernous extradural segment of the carotid siphon is rarely seen with large intra-axial masses arising in the temporal lobe, this finding is fairly specific for extracerebral, particularly extradural, masses arising from the skull base. 4"6' 7 ' 59 Early posterior fossa extension through the porus trigeminus of a tumor arising in Meckel's cave was heralded by medial displacement of the proximal segments of the posterior cerebral and superior cerebellar arteries (Fig. 3 right) . Both of these vessels may also be elevated. In addition, large trigeminal schwannomas in the posterior fossa produced depression of the anterior inferior cerebellar artery and elevation or nonfilling of the petrosal vein. The basilar artery was stretched and displaced contralaterally in some patients. Posterior displacement of the basilar artery, resulting from tumor growth ventral to the brain stem, was occasionally described.
Twelve cases demonstrated abnormal tumor vascularity consisting of enlarged feeding vessels or a tumor stain. The abnormal vessels were usually derived from the precavernous and cavernous segments of the carotid siphon (Fig. 4) .
Most of the cases in this review were published before the development of CT. Ten of the 1 4 patients in this series underwent preoperative CT scanning. Six tumors appeared as isodense or slightly hypodense with respect to the surrounding brain and enhanced uniformly with contrast agents. The four other cases showed areas of decreased attenuation after contrast administration; this is believed to represent either necrosis or cystic degeneration (Fig. 5) . Axial and coronal sections of the skull base were particularly useful in identifying the extent of bone destruction in both the middle and posterior fossae. Although coronal CT sections provided important information in defining the relationship of the tumor to the cavernous sinus, tentorial notch, and extracranial tissues, magnetic resonance (MR) imaging has thus far proved superior in these respects (Fig. 1) .
Discussion
It is evident from the preceding analysis that there is no distinct clinical syndrome associated with schwannomas arising from the trigeminal nerve. Although disturbances of trigeminal nerve function frequently occur early in the clinical course of these patients, they are not consistent findings. Careful examination of the motor and sensory components of the trigeminal nerve will ultimately reveal deficits in the majority of patients harboring trigeminal schwannomas but, in about 10% of patients, no evidence of trigeminal nerve dysfunction will be found.
Additional deficits are related to the location of the tumor. Schwannomas arising in Meckel's cave frequently produce various forms of a parasellar or paratrigeminal (Raeder's) syndrome. 46 Trigeminal schwannomas confined to the posterior fossa will generally produce some form of a cerebellopontine angle syndrome with facial paresis, hearing loss, and occasional long-tract and cerebellar signs. Early involvement of the trigeminal nerve tends to distinguish these tumors from acoustic schwannomas, whereas the early appearance of hearing loss is generally associated with acoustic schwannomas. This distinction, however, may not always be possible since up to 10% of patients with acoustic schwannomas initially present with symptoms related to trigeminal nerve dysfunction. ~ Conversely, hearing loss as an initial complaint was seen in 6% of patients with trigeminal schwannomas.
The relationship between facial pain and tumors involving the trigeminal nerve has intrigued neurosurgeons for the greater part of this century. As a result of the early success in the treatment of trigeminal neuralgia with intracranial ablative procedures, there developed in the early 1900's an interest in distinguishing true trigeminal neuralgia from the facial neuralgia produced by tumors compressing, invading, or arising from the trigeminal nerve. Most of the early studies dealt with the clinical syndrome produced by tumors involving the gasserian ganglion, t o.i 1, J 5,~ 6, 22, 44, 49, 52, 58 These tumors, about one-third of which were schwannomas, reliably produced a syndrome characterized by the early appearance of constant pain and numbness in the trigeminal distribution. Isolated paroxysms of facial pain were common, but the absence of trigger zones and the prolonged duration of these paroxysms, frequently lasting 30 minutes or longer, further differentiated the facial pain caused by tumors from true trigeminal neuralgia.
When large series of surgically treated patients with trigeminal neuralgia had been accumulated, it became clear that there was a small percentage of patients in whom trigeminal neuralgia was caused by tumors involving the trigeminal nerve. Revilla, 47 in reviewing Dandy's surgical series of 473 patients with trigeminal neuralgia, reported that 24 (5.1%) had tumors compressing the trigeminal root as the cause of their trigeminal neuralgia. Eleven of these patients, however, had associated neurological deficits which should have suggested the correct diagnosis. Ruge, et aL, 48 reported six patients with meningiomas compressing the gasserian ganglion in a series of 627 patients with trigeminal neuralgia who underwent preganglionic neurectomy via a subtemporal approach. In three of these patients the pain was described as atypical in nature. Since then, a large number of publications, mostly in the form of case reports, have identified tumors compressing the trigeminal root, ganglion, or, rarely, a peripheral division as an infrequent cause of trigeminal neuralgia. T h e majority of these tumors were meningiomas, epidermoid tumors, and schwannomas. A comprehensive review of this literature has been performed by White and Sweet. 6~
In 1936, Krayenbiih135 reported two patients with schwannomas arising from the trigeminal root; he collected from the literature 54 additional cases of primary tumors arising from either the trigeminal root or the gasserian ganglion. Based on his analysis of these cases, he believed that the presence of facial pain had localizing value since primary tumors of the trigeminal root, specifically schwannomas, rarely produced facial pain, whereas patients harboring gasserian ganglion tumors almost always complained of facial pain early in their clinical course. Several authors have supported this belief. ~ 7.25.40.50.51,55,58 Other authors, ~'] 3.62 including Jefferson, 32 have disputed the localizing value of facial pain, citing numerous cases in which both trigeminal root schwannomas causing facial pain and tumors arising in the gasserian ganglion were not associated with facial pain. The results of this review support Jefferson's belief that facial pain is not a universal feature of ganglion schwannomas and that schwannomas arising from the trigeminal root may be associated with facial pain.
In a recent review of 2000 patients with facial pain, Bullitt, et al., 7 reported that 16 patients harbored tumors affecting the trigeminal nerve. Seven patients presented with pain typical of trigeminal neuralgia, six of whom had tumors compressing the trigeminal root. Based on these findings, they suggested that pain in the form of trigeminal neuralgia is more commonly caused by tumors compressing the trigeminal root. Our review tends to support their contention because, although true trigeminal neuralgia was evenly distributed between root and ganglion schwannomas (three cases each), ganglion tumors occurred at a significantly higher frequency.
Interestingly, however, several of the patients with ganglion schwannomas in this review presented with a brief initial period of intermittent paroxysms of facial pain before the onset of constant pain and numbness. While it is possible that inherent qualitative neurophysiological differences between the trigeminal root and gasserian ganglion are responsible for the tendency of trigeminal root tumors to more commonly produce trigeminal neuralgia, it seems more likely that only minimal pressure on the trigeminal root or ganglion is capable of producing trigeminal neuralgia. With increasing pressure on either structure, the brief paroxysms of pain may give way to constant facial pain and the appearance of trigeminal nerve sensory deficits. The fixed position of the gasserian ganglion between two layers of dura and lying on the anterior surface of the petrous bone renders the ganglion unable to dissipate even minor degrees of pressure. This may also explain the higher frequency of facial pain with ganglion tumors as compared to root tumors (52% to 28%). Crosscompression of the trigeminal nerve at the root entry zone, the most commonly hypothesized cause of trigeminal neuralgia, may similarly be related to the fact that the trigeminal root is most firmly fixed at its entry into the brain stem.
The surgical approach to these tumors is dependent on their anatomical location. Accurate preoperative delineation of the tumor mass is essential in choosing the most appropriate surgical route. Much of this information can be obtained during the radiological evaluation. Thin-section axial CT through the skull base, posterior fossa, and parasellar region, with and without bone windows, is the most useful study because it defines the relationship of the tumor to the skull base, quantifies the degree of bone erosion, and allows an accurate estimation of the size of the tumor in both the middle and posterior fossae. Coronal sections, obtained with either CT or MR imaging, more precisely define the relationship of the tumor to the cavernous sinus and will identify extracranial tumor extension into the pterygoid fossa or paranasal sinuses that occurs in about 10% of patients with trigeminal schwannomas (Fig. 1) .
Cerebral angiography is indicated in the preoperative evaluation of patients with parasellar tumors, both to rule out a petrous, precavernous, or cavernous carotid artery aneurysm, and to define the relationship of the tumor to these segments of the carotid artery. This second point is of particular importance, since there is frequently no intervening bone between the gasserian ganglion and these segments of the carotid artery. 27 Inadvertent entry into the carotid artery is an infrequent, but recognized, complication associated with the removal of these tumors. 42 A subtemporal intradural approach is the preferred route in most cases, because it offers excellent exposure of the middle fossa floor and allows access into the posterior fossa. An extradural approach generally provides inadequate exposure for all but small ganglion tumors. Lumbar CSF drainage and mannitol administration are used to facilitate temporal lobe retraction.
Access into the posterior fossa is obtained by incising the tentorium and ligating the superior petrosal sinus. The amount of tumor that can be removed from the posterior fossa through the subtemporal exposure depends largely on the degree of brain relaxation and the amount of erosion of the petrous apex. In most cases, significant tumor decompression can be obtained in the posterior fossa when the tumor is located primarily at the anterior portion of the cerebellopontine angle. Tumor extension ventral to the upper brain stem may also be removed through this exposure. Attempts to remove more caudally placed tumors below the seventh and eighth cranial nerves, especially if the tumor is closely applied to the lateral skull base (Fig. 6 left) or is ventral to the lower part of the brain stem, will usually require an unacceptable amount of temporal lobe retraction. These portions of the tumor are more safely removed through a suboccipital route, either as part of a combined transtentorial approach or at a second operation.
Although a reasonable degree of access into the posterior fossa can be obtained via a subtemporal approach, only very limited access to the middle fossa can be obtained through a suboccipital approach. Thus, the suboccipital approach is appropriate only for those tumors entirely limited to the posterior fossa or with minimal supratentorial extension (Fig. 6 right) . The sitting or prone position is preferred for patients undergoing this procedure. Approaching these tumors with the patient's head in a true lateral position creates certain technical difficulties because it rotates the anterior part of the cerebellopontine angle away from the surgeon and forces the surgeon to work against the long axis of the petrous pyramid, which further limits access into the middle fossa.
The combined transtentorial approach is reserved for those patients with posterior fossa tumors of a size or configuration that prevents removal through a subtemporal approach and in whom there is also tumor extension into the middle fossa (Fig. 6 left) . The patient is placed in a supine position with elevation of the ipsilateral shoulder and the head turned to the opposite side. The lateral sinus is usually not ligated when this approach is employed. Inclusion of the lateral sinus in the tentorial incision allows greater retraction of the brain stem. If there is significant tumor extension ventral to the brain stem, as in the case of chordomas or clivus meningiomas, then ligation of the lateral sinus may be necessary. In these cases, the criteria for selecting which patients will tolerate lateral sinus ligation reflect those outlined by Symon. 54 The surgical techniques for tumor removal are similar to those employed for acoustic schwannomas. Adequate illumination and magnification with the operating microscope and adherence to microsurgical principles are essential prerequisites for successful removal of these tumors. Initial subcapsular decompression minimizes tumor manipulation and protects the third, fourth, sixth, seventh, and eighth cranial nerves, which are frequently adherent to the tumor capsule. This part of the operation should be performed through a limited opening in the tumor capsule to prevent blood leakage into the subarachnoid space, which obscures the arachnoid planes surrounding the tumor capsule. The carbon dioxide laser and ultrasonic aspirator are particularly useful in debulking the central portions of the tumor. Removal of the tumor capsule should be preceded by gentle dissection of the affected cranial nerves from the surface of the tumor. The altered anatomy of these cranial nerves depends on the size of the tumor. The trochlear nerve will usually be identified on the superior pole of the tumor, while the oculomotor nerve is frequently in contact with the medial tumor surface. Large posterior fossa tumors will displace the seventh and eighth cranial nerves inferiorly or posteriorly. The abducens nerve may occasionally be exposed if medial extension of the extradural portion of the tumor elevates the dura from the petrous tip.
The obvious goal at operation is complete extirpation. This may not be possible because the inferomedial portion of the t u m o r is frequently particularly adherent to the posterolateral wall of the cavernous sinus. Overly aggressive attempts to remove this part o f the t u m o r pose significant risk of injury to the cavernous sinus, carotid artery, and abducens nerve. A similar situation may exist in the posterior fossa where part o f the t u m o r capsule may be densely adherent to the brain stem. Rather than risking injury to these structures, the surgeon is probably better advised to accept nearly total removal in these cases. Long-term tumor-free intervals can generally be expected, even when these portions of the tumor have been left behind.
